of the conductivity loss of the metal track and the skin effect. C models the capacitive coupling between adjacent tracks, the overlap of the spiral and the underpass.
Ci From the block chart shown in Fig. 3 (a), we can easily get:
And from the inductor model, we can see that each unit for DUT and parasitic effects of the pad can be represented by the equivalent 7r network shown in Fig These inductors have a track width of 6pm and a track spacing of 4pm.
From extracted inductances, we can easily find that the inductance increases with the increasing of turn number. It is physically self-explained as the turn numbers increase, the total length of the spiral metals will increase, thus the inductance will increase accordingly. Using the least square curve fitting method, a polynomial of less than 3 orders can be obtained and the polynomial could be used as a good reference for spiral inductor designs. 
Q-factor
It is well known that Q-factor is a key specification for spiral inductors. Low Q-factor always means high loss and wide bandwidth, and high Q-factor means low loss and high selectivity. Generally, Q-factor is defined as the ratio of stored energy to the dissipated energy. When evaluating the quality factor of on-chip inductors, the definition given by [6] for a single element is generally accepted and will be used in our study.
Using this definition, Q-factors for these spiral inductors are obtained through the following equation:
Using polynomial curve fitting technique based on the results in (7), Q-factors for some of the inductors are shown in Fig. 8 as a function of frequency from 0.5 GHz to 20 GHz. It is very clear that for inductors with the same track width, more turn numbers will result in a lower maximum Q-factor and for those inductors with the same turn numbers, the larger the track width becomes, the lower the maximum Q-factors will be. This is because increased turn numbers mean increased resistance due to eddy current and increase of metal length. While the track width is increased, the capacitive coupling between spirals and substrate parasitic capacitance both increase accordingly, this will cause more energy to be stored in electric energy form, which is counterproductive to inductor Q-factors.
Behavioral Model
When By choosing the f and f judiciously, we can get a good approximation when cl and dl are both fixed to be 0.5. If we failed to do so, we can still achieve a fairly accurate result by adjusting the values of cl and dl. Fig. 9 shows the comparison between measured data and the behavioral model results for several inductors, and the coefficients for those behavioral models are also listed in Table 2 . 
